The fundamental Hipparcos parallaxes (HIPP) of 219 Cepheids are used for the absolute calibration of the Galactic distance scale sampled by a modern Baade-Wesselink (BW) distance indicator, which reliably accounts for pulsation and thermal properties of Cepheid variable stars. Notably we map thermal properties into the Johnson-Cousins color (VÀI ). The BW realization is found to be much less affected than previously adopted optical luminosity laws by intrinsic scatter and systematic errors in representing individual Cepheid distances and thus is best suited for a calibration of the galactic distance scale using the fundamental Hipparcos parallaxes (HIPP). Comparisons between the actual Hipparcos calibration and three independent ground-based calibrations of the same BW distance scale show very close agreement at the 0.04 mag level, i.e., at the 1 level of the absolute accuracy claimed for BW realizations, although the Hipparcos calibration is affected by an uncertainty of AE0.10 mag due to propagation of parallax errors alone. Comparisons include the zero-age main-sequence calibration by Cepheids in clusters (Pleiades distance modulus at 5.57 mag), the calibration by pulsation parallaxes of Cepheids, and the calibration by updated model calculations of synthetic stellar spectra of Cepheids. Notably, the resulting galactic distance scale is found to be $0.1 mag shorter than the value obtained in the original calibration of Feast & Catchpole. The implications of the actual calibration on the Cepheid-based distance to the Large Magellanic Cloud (LMC) and the extragalactic distance scale are briefly discussed. A true distance modulus of 18.59 AE 0.04 mag is presently achieved. Evidence from Hipparcos-based calibrations by different methods strongly supports the actual upward revision of 0.09 AE 0.04 mag for the LMC distance of 18.50 mag adopted in the Hubble Space Telescope Key Project program, corresponding to no more than a 5% decrease in the value of the Hubble constant.
INTRODUCTION
The absolute calibration of the cosmic distance scale is an essential key to observational cosmology, since all current investigations of the Hubble constant are tied in some respect to this calibration and the Cepheid distance scale lies at the heart of each program. Before the advent of the modern Michelson stellar interferometry, the most accurate calibration of the distance scale relied on the use of Cepheid luminosity laws, i.e., the period-luminosity (PL) and/or the period-luminosity-color (PLC) relations, whose zero point currently came from open cluster Cepheids with distances estimated by a procedure to fit the zero-age main sequence (ZAMS; Sandage & Tammann 1968; Feast & Walker 1987; Madore & Freedman 1991) . Michelson interferometry has opened new perspectives to tackle the problem of the distance scale calibration, because accurate angular diameters of stars became available to well constrain photometric relationships predicting stellar parameters. In the modern approach by pulsation parallaxes, independent spectroscopic and interferometric data have been implemented, such as a '' geometric '' Baade-Wesselink (BW) realization (Di Benedetto 1994) . Since the mean linear radius of a Cepheid variable can be measured by BW techniques and/or predicted by the period of the star by using a calibrated period-radius (PR) relation, then in principle an independent measurement of the Cepheid angular size will determine its parallax. Notably, accurate photometric stellar angular sizes can be estimated according to a near-IR surface brightness scale less affected by systematic errors (Di Benedetto 1993) . Although the full promise of the BW method cannot yet be realized, requiring the Cepheid variable stars to become suitable targets for currently developed interferometry techniques, BW distances derived from the combination of near-IR pulsation radii and photometric angular sizes are already able to closely reproduce the individual calibrating ZAMS distances to Cepheids in clusters at the 0.1 mag level, thus providing a valuable independent path to the Cepheid-based galactic distance scale with a claimed absolute accuracy of AE0.04 mag (Di Benedetto 1997, hereafter Paper I). The pulsation approach was also extended to include the extragalactic range by determining the distance modulus of 18.58 AE 0.02 mag to the Large Magellanic Cloud (LMC) and the distance of 16.1 AE 0.5 Mpc to the Virgo galaxy M100 with significantly improved accuracy compared with the value achieved in the Hubble Space Telescope (HST) Key Project program by using PL relations (Paper I). Accurate BW distances to galactic Cepheids, in addition to their linear radii, have also been obtained by combining the above interferometric near-IR surface brightness scale with radial velocity data along each pulsation cycle of a Cepheid (Welch 1994; Gieren, Fouqué, & Gó mez 1998) . Now the early release of HIPP of Cepheids enabled Feast & Catchpole (1997, hereafter FC) to recalibrate the galactic distance scale. By adopting a PL(V ) distance indicator, FC derived a zero point H for this scale significantly brighter than the ZAMS zero point Z, the difference being H À Z $ 0.15 mag (Feast & Whitelock 1997, hereafter FW) , with the Pleiades distance modulus of the ZAMS scale set at the ground-based value of 5.57 mag (van Leeuwen 1983). Accordingly, FC obtained an LMC distance modulus of 18.70 AE 0.10 mag, which would imply an upward revision as significant as 0.20 mag for the value of 18.50 mag currently adopted in the HST Key Project program and then a downward revision of 10% for the Hubble constant. Raising criticism against this result, Sandage & Tammann (1998) found the FC calibration too bright at the level of d0.1 mag and then, avoiding the use of the LMC as intermediary step, they argued for a correction of no more than 4% to the value of the Hubble constant, based on Type Ia supernovae. In the meantime, several independent studies tried to reconfirm the pre-Hipparcos PL(V ) zero point (Szabados 1997; Madore & Freedman 1998; Oudmaijer, Groenewegen, & Schrijver 1998; Luri et al. 1998 ). However, Pont (1999) has strongly contrasted these subsequent analyses in which HIPP were reduced in absolute magnitude space and concluded that the FC result is sound. As also pointed out by Koen & Laney (1998) , the FC method of reduced parallaxes, shifting the data from the absolute magnitude to the parallax space, avoids statistical bias effects involved in the treatment of high relative error parallaxes.
There may, however, be other problems likely to affect the FC calibration and that deserve now a more detailed investigation. The most important one is that in sampling the galactic distance scale FC have adopted the photometric PL(V ) relationship as an ideal distance indicator for predicting individual Cepheid distances, which is one affected by negligible intrinsic scatter and systematic errors compared with parallax errors. This condition is certainly satisfied for all low-accuracy HIPP, and then one should expect the scale calibration from these data to be practically independent of the adopted distance indicator. However, this might not be the case for the most accurate parallax of the overtone Cepheid UMi, which contributed about 50% of the total weight to the FC calibration. Indeed, its parallax error yields an uncertainty of 0.14 mag in the absolute magnitude space, i.e., a value likely close to the intrinsic spread of the PL(V ) relationship itself, despite the improved approach adopted by FC for reducing this dispersion. Also, UMi is the only star in the whole sample that exhibits an absorption A V $ À0.1 mag on either the single-color BV system adopted by FC or on the two-color BVI system (Caldwell & Coulson 1987, hereafter CC) , i.e., a negative value not expected on a real reddening scale. Thus, the role of UMi in the Hipparcos calibration needs to be reinvestigated using a distance indicator that can be proved to represent individual Cepheid distances with an intrinsic scatter significantly lower than the parallax error of UMi, along with a negligible sensitivity to reddening errors. A second problem arises with the intrinsic scatter of each distance indicator, since this noise is expected to leave a small systematic bias in solutions from the reduced parallax approach (Pont 1999) , and then they are to be corrected for this effect.
A reassessment of the Hipparcos data in the light of the outlined problems is the main goal of the current investigation. In this paper, I shall be concerned with the calibration of the galactic distance scale, still adopting the fundamental HIPP. Now, we can take notable advantage of BW realizations, which reliably account for pulsation and thermal properties of Cepheid variable stars, since the difference H À Z $ 0.15 mag implied by the FC result would be as significant as about 4 in units of the 0.04 mag level of absolute accuracy claimed in Paper I for BW distance indicators.
GALACTIC DISTANCE SCALE

Calibration by Cepheids in Clusters
Several distance indicators, other than the PL(V ) relationship of FC, can be adopted for predicting photometric parallaxes of Cepheids in the reduced parallax approach. These are reported in Table 1 , along with their relevant parameters. Each distance indicator is realized by a linear function of the period, P, given by
where hVi and hCi are the observed visual intensity mean magnitude and color, respectively, Z is the zero point calibrated by ZAMS calibrators, and A V is the visual absorption. The slopes s and come from observational data independent of the ZAMS calibrators, i.e., the PL/PLC slopes from multilinear regression techniques to extragalactic Cepheid data in the Large Magellanic Cloud and the BW slopes from spectroscopic techniques exploiting radial velocity data of galactic Cepheids. The sensitivity to reddening effects is measured by the coefficient = 1 À (/R), where the ratio R = A V /E(VÀK) = 1.10 is the same as in Paper I and the ratio R = A V /E(VÀI ) is derived according to the relation E(VÀI )/E(BÀV ) = 1.25[1 + 0.06(BÀV ) O + 0.014E(BÀV )] (Dean, Warren, & Cousins 1978) . The visual absorption, A V = R V E(B ÀV ), adopts the extinction ratio R V given by FC in their relation (7), very close to the relation (1) of Paper I. To ensure consistency of the reddening scale, the reddenings, E(BÀV ), of all Cepheids in the current investigation are obtained from the large compilation of CC based on the two-color BVI system. However, to be fully consistent with the FC calibration, visual magnitudes of the PL(V ) relation are also dereddened according to the FC single-color relation (5), which yields distance indicator 2. A self-consistent calibration of the zero point Z, along with the intrinsic rms dispersion 0 about each mean relation is performed in the absolute magnitude space by the following procedure. I have selected a set of 41 calibrating galactic Cepheids as in Paper I, with near-IR Carter photometry (Laney & Stobie 1994) and an optical one available in the Johnson-Cousins magnitude system (CC). A subset of 25 primary calibrating cluster Cepheids with photometry, reddening, and ZAMS distance moduli listed in Table 1 of Paper I enabled us to calibrate an accurate near-IR BW distance indicator and then to predict the ZAMS-based near-IR BW distances of the remaining Cepheids to be adopted as secondary calibrators. The good agreement of current results with previous ZAMS calibrations can be directly estimated by comparing the value of Z for the distance indicator 3 with that given by FW. The near-IR BW realization is also reported in Table 1 for convenience, and Figure 1 plots the residuals as a function of the period for the 25 cluster Cepheids to show the current scatter of individual BW data around the reference ZAMS zero line. In this respect, it is perhaps worth noting that most of the scatter affecting the overall sample was found to come from the cluster Cepheids TW Nor, T Mon, and KQ Sco, which seemed to be already doubtful as members according to their large residuals (CC), and from two overtone pulsators, QZ Nor and SZ Tau, whose periods can now be corrected according to the FC precepts. As a consequence, the largest residual related to the cluster Cepheid SZ Tau, À0.64 mag (see Fig. 5 of Paper I), reduces to À0.06 mag in the plot of Figure 1 . Then, the near-IR BW zero point using all the 25 calibrators would become Z = 2.474, that is, very close to the value in Table 1 given for only 20 fiducial cluster Cepheids, to be consistent with the calibration of Paper I. It should be also stressed that the near-IR BW realization in Table 1 is practically free of potential systematic errors induced by the period in the period range of interest, since the linear fit to the residuals of Figure 1 yields a slope of the period term very close to zero ($0.02).
The absolute calibration of each distance indicator is also done in the parallax space according to the FC method, which would lead to the zero point Z FC . The residual n = Z FC À Z reported in the last column is to be regarded as a measure of the small bias related to the noise, 0 , and will be applied below as the correction to the zero-point solutions from the reduced parallax approach.
There is evidence for the PL(V ) distance indicator 2 to decrease the scatter 0 with respect to indicator 1 and for the PLC 3 to further improve individual distance representations, as already suggested by FC. However, the BW distance indicators 4 and 6 are likely to be preferred. Indeed, according to the theoretical demonstration of the need of a color term to best represent individual observations of Cepheids (Sandage 1972) , it should be expected that BW realizations whose coefficients s and reliably account for pulsation and thermal properties of Cepheids themselves, respectively, are likely to be ideal distance indicators for these stars. As clearly shown by a direct comparison of distance indicators 5 and 6 in the residual plots of Figure 2 , a value of the PLC color slope significantly different from that determined by BW techniques may be responsible for large systematic individual errors as a function of the period.
In the following the distance indicator PL 2 will be retained to be consistent with the previous FC calibration, whereas BW 6 will be selected as the best candidate to improve the representation of individual Cepheid distances and to minimize sensitivity to reddening errors, as expected from the low value of given in Table 1 . 
Calibration by Hipparcos Parallaxes of Cepheids
FW list 221 galactic Cepheids with parallaxes and errors available from the ESA Hipparcos Catalogue (ESA 1997) . The large sample includes a subset of 172 Cepheids with Cousins colors hVÀIi from the compilation of CC. Table 2 reports these photometric data for the 26 relevant Cepheids that contributed most of the weight ($80%) to the original FC calibration, along with the photometric parallaxes 0 and ratios / 0 predicted according to the BW distance indicator 6. Figure 3 plots the reduced parallax, ( À 0 ) 0 / 2 , in the parallax space according to relation (6) of Koen & Laney (1998) , who provided the statistical support to the zeropoint calibration by the FC method. Photometric parallaxes 0 are predicted by distance indicators 2 and 6 by still adopting the zero point Z in Table 1 . As can be seen, the parallax space sampled by HIPP appears to be roughly subdivided in two intervals. The first one includes the majority of stars with 0 < 3.5 mas whose reduced parallaxes seem to be distributed more or less uniformly around the reference ZAMS zero line independently of the distance indicator. The second one includes the closest Cepheids, UMi, Cep, Aql, all with a negative reduced parallax. There is also evidence that the BW reduced parallax of the Cepheid UMi is very close to the ZAMS zero line independently of the adopted reddening, in contrast with the PL result, which exhibits a large deviation. Table 3 summarizes the calibration results for the current distance indicators, bearing in mind the plot of Figure 3 . The zero point H from calibrating HIPP is obtained according to the FC method and then must be corrected for the small bias n due to the intrinsic noise of the distance indicator (see Table 1 ), yielding in the following the noise-free values H C = H À n for N > 1. For convenience, each solution provides the difference H À Z between the Hipparcos and ZAMS zero points. The last column quotes the uncertainty Table 1 . " caused by the propagation of the Hipparcos parallax errors alone. Some solutions can be directly compared with those from FC (see solution A in their Table 2 ) by setting = À (H À Z) À Z. Now, the actual differential results can better enhance remarkable effects of HIPP on the zero point H.
The zero point H related to UMi is reported as an individual result, since it provides the most accurate Hipparcos calibration of the galactic distance scale and contributes most of the weight to each overall result (at least $50%) according to its lowest error, . As UMi is an overtone pulsator that obeys the PLC relation at the fundamental period, the BW zero point is derived according to the fundamental period identified by FC (see Table 1 ). As it can be seen, the BW difference H À Z happens to be closely consistent with the zero level to less than 0.04 mag, using either of the reddenings for the star; that is, it provides stunning confirmation of the ZAMS distance scale to less than 1 of the absolute accuracy claimed in Paper I for BW realizations. In contrast, the PL result gives rise to a significantly brighter zero point, although its value remains within 1 of the Hipparcos error. It is perhaps worth noting that 0 > " for the PL distance indicator, according to the results in Table 1 , whereas 0 5 " for the BW one, which then plays a fiducial role for predicting individual data in the actual calibration.
There is evidence that the Hipparcos solutions suffer from sample size variations. To check against these effects, the noise-free data from only the low-accuracy HIPP, that is, with the closest Cepheid UMi removed from the analysis, are plotted in Figure 4 as a function of the number of reduced HIPP. The N À 1 diagram indicates that PL and BW solutions happen to be in close agreement with each other; that is, they are found to be independent of the adopted distance indicator, as expected. In addition, they display sample size variations that make the PL solution from N = 218 HIPP fainter by $0.05 mag than that from N = 25 HIPP.
If the Cepheids Cep and Aql are also removed from the analysis, the N À 3 diagram shows that only two stars of relatively low weight become clearly responsible for somewhat significant shifts, in the range 0.05-0.10 mag, the changes being more remarkable for BW data. It seems likely to attribute such a variation to small number statistics over the parallax interval 0 > 3.5 (see Fig. 3 ), since these Cepheids show almost the same reduced parallax with negative value. Thus, by omitting these stars in attempting to minimize the statistical effect, the resulting PL solution from N = 216 HIPP and the BW one from N = 169 HIPP would still provide confirmation of the ZAMS distance scale to less than 0.06 mag, despite the use of only the low-accuracy HIPP, not Cep and Aql. Figure 5 shows now the most important effect over the Hipparcos galactic distance scale because of the inclusion of UMi in the whole sample of low-accuracy HIPP. For each distance indicator, upper and lower limits to the absolute calibration are drawn as N and N À 2 plots, respectively; the curve N À 2 represents the data with the Cepheids Cep and Aql removed from the analysis, whereas mean values between N and N À 2 can be assigned to account for a likely statistical effect as discussed above.
Using the PL distance indicator, the Hipparcos calibration for N = 219 stars yields the differential zero point H C À Z = 0.10 AE 0.10 mag. Adopting the BW distance indicator referred to the highest-weight solutions, i.e., with UMi dereddened by E(BÀV ) = 0 mag, we find an observed value of 0.047 mag for N = 172 stars and an expected value of 0.034 mag for N = 219 stars (adopting the same small sample size variation as that affecting PL data). Table 1 . Top, Whole sample without UMi; bottom, whole sample without UMi, Cep, and Aql. Solid lines refer to noise-free data, and the dotted line, to uncorrected data.
It follows that the most probable Hipparcos calibration of the galactic distance scale sampled by the BW distance indicator is H C À Z = 0.04 AE 0.10 mag, where the quoted uncertainty is due to propagation of parallax errors alone as in the PL solution. The results clearly demonstrate that all the noise-free solutions using the fiducial BW distance indicator 6 remain, in any case, fainter than those using the PL one, indicator 2.
Of course, the comparison with the FC calibration is of major concern. The results from Table 3 show that the PL solution 0.149 AE 0.10 mag for N = 26 HIPP gives rise to the FC zero point = À1.42 AE 0.10 according to the value of Z calibrated in Table 1 . Although the differential PL solution from FC is only marginally significant within the quoted Hipparcos error, the offset of 0.11 mag with respect to the final BW calibration is systematic. It is perhaps worth noting that from the sample for N = 26 HIPP the noise-free differential BW solution would be 0.069 AE 0.10 mag, that is, 0.08 mag fainter than the FC calibration. Indeed, according to the above discussion, the FC solution should now be reduced by taking into account the large PL contribution from UMi displayed in Figure 3 , as well as small cumulative effects due to sample size variations and noise shown in Figure 4. 
Ground-based versus Hipparcos Calibrations
According to the above differential analysis, the actual Hipparcos calibration of the galactic distance scale is providing stunning confirmation of the ZAMS distance scale at the 1 level of the internal error quoted in Paper I for BW realizations, i.e., AE0.04 mag, and then it would support for the first time this value adopted early as BW absolute accuracy. However, problems might still conspire to effectively cancel out any difference between these scales. Indeed, the self-consistent result can be questioned, since the zero point Z from Table 1 adopts the ground-based Pleiades distance modulus of 5.57 AE 0.08 mag (van Leeuwen 1983), rather than the Hipparcos-based value of 5.37 AE 0.07 mag (van Leeuwen 1999) for the ZAMS fitting. There would be a serious discrepancy at the 0.2 mag level between these values, which would lead to a much more disappointing difference H C À Z = 0.24 AE 0.10 mag if the Hipparcos-based Pleiades distance is adopted as a reference for the ZAMS fitting, so it becomes a major concern to provide further independent evidence supporting the differential result H C À Z = 0.04 mag rather than the value H C À Z = 0.24 mag and then the related ground-based Pleiades distance.
The first observational evidence comes from the pulsation parallax approach (Di Benedetto 1994) , which provides an absolute calibration of the near-IR BW realization in Table  1 through the pulsation zero point P, fully independent of Z. According to equation (7) of Paper I, this zero point is given by
where z and are the zero points of the PR relation for galactic Cepheids and of the near-IR surface brightnesscolor (SC) relation for nonvariable and almost unreddened stars, respectively. The PR and SC relations adopted in Paper I provided z = 5.355 AE 0.04 mag and = 2.736 AE 0.01 mag (Carter system). More recently, an updated PR relation from 77 fundamental pulsators has yielded a slightly brighter zero point, z = 5.400 mag (Laney 2000) , which leads to the pulsation zero point P = 2.505 AE 0.04 mag, i.e., Z À P = À0.04 AE 0.04 mag. This small difference within the claimed absolute accuracy of the BW realization alone is achieved by adopting the groundbased Pleiades distance as fiducial reference of the ZAMS fitting, otherwise there would be a shift as significant as À0.24 mag by using the Hipparcos-based Pleiades distance. More important, it follows that two fundamental absolute calibrations of the galactic distance scale sampled by the same BW realization show now closely consistent results, since the difference between the corresponding zero points is found to be H C À P = 0.00 AE 0.04 mag. It is perhaps worth noting that the PR relation achieved by Gieren et al. (1998) would lead to the same slope s as that adopted in Table 1 for BW realizations and to a zero point z = 5.375 AE 0.03 mag, whereas the zero point of the near-IR SC scale is not expected to be different from that of Paper I, being the calibrating diameter measurements of nonvariable stars in common with the sample originally adopted by Di Benedetto (1993) . Accordingly, we would obtain a final value H C À P = 0.03 AE 0.04 mag from the most recent application of the near-IR surface brightness technique. The second observational evidence comes from the Hipparcos result related to the discovered association Cep OB6, which includes as a member the prototype classical Cepheid Cep, which is expected to be at the same mean distance as that of the association itself, i.e., 270 AE 12 pc (de Zeeuw et al. 1999) . By adopting the BW distance indicators 4 and 6 in Table 1 , along with the actual Hipparcos zero point, the distance to Cep happens to be 268 AE 15 and 264 AE 13 pc, respectively, (ground-based Pleiades distance at 5.57 mag), with both values in fairly good agreement with the distance of the association, well within the quoted intrinsic error 0 of the distance indicator alone. It is also interesting to note that the Hipparcos parallax in Table 2 would lead to a distance of 301 pc for Cep. This longer value is certainly expected to provide remarkable effects on the distance scale calibration, the parallax representing indeed the secondmost accurate measurement among HIPP.
The third semiempirical evidence comes from updated model calculations of synthetic stellar spectra of metalnormal stars by using a Doppler-broadening velocity, DBV = 5.0 km s À1 , which is more appropriate for Cepheids (Sandage, Bell, & Tripicco 1999) . These models determine the bolometric correction (BC), which is to be converted into the visual surface brightness of the star according to the relation
for self-consistent comparisons with the current observational scales. The calibration constant differs slightly from the standard value of 4.2207 currently adopted in surface brightness techniques, since it accounts for the difference in the Sun's reference data T = 5780 K, M V = 4.84 mag, and BC = À0.12 mag of model atmospheres (Houdashelt, Bell, & Sweigart 2000) . Linear fits to (S V , VÀI ) data for surface gravities log g = 0.75 and 1.50 yield slopes of 2.79 and 2.93, respectively. Using a common slope constrained at the observational value = 2.88 adopted in the BW realization 6 in Table 1 , the average theoretical zero point of the SC scale is found to be = 2.678 AE 0.002 mag. This, in turn, provides the semiempirical zero point P = 2.563 AE 0.04 mag by still applying relation (2). Comparison with the BW zero point in Table 1 yields the small difference Z À P = À0.015 AE 0.04 mag (ground-based Pleiades distance) or a shift of À0.35 mag (Hipparcos-based Pleiades distance). Notably, the zero-point difference H C À P = 0.03 AE 0.04 mag still remains consistent with the zero level within the claimed absolute accuracy of the BW realization alone. Therefore, it can be concluded that BW realizations applying the best modern Cepheid data available from different techniques are found to closely reconcile independent absolute calibrations of the galactic distance scale, at the 0.04 mag level, including now the fundamental Hipparcos calibration. Thus, it seems likely that this level of uncertainty currently quoted as an internal estimate (Paper I) is now becoming reliably accurate for BW realizations.
Of course, the most serious conflict at the 0.2 mag level over the Pleiades distance still remains unsolved by these self-consistent results. However, they impose severe constraints that come from different stellar fields, which seem to strongly support the ground-based rather than the Hipparcos-based Pleiades distance, the former value being recently reconfirmed by new observations (Pinsonneault et al. 1998; Gatewood, de Jonge, & Han 2000) .
EXTRAGALACTIC DISTANCE SCALE
There are, of course, implications too for the Cepheid distance to the LMC and then for the Cepheid-based extragalactic distance scale. Table 4 reports the present determinations of the LMC distance modulus (mÀM) 0 uncorrected for metallicity and the rms scatter obtained from fits to photometric data of LMC Cepheids drawn from current literature. The achieved results call for several remarks.
1. The PL(V ) distance from the sample of Caldwell & Laney (1991) is derived from the FC result of 18.70 AE 0.10 mag by applying an overall downward revision of 0.15 mag, i.e., 0.11 mag to update the PL zero point according to the actual Hipparcos calibration plus 0.042 mag to cancel out the metallicity correction applied by FC.
2. The PL(V ) distance from highly accurate photometric data of the most recent OGLE survey (Udalski et al. 1999 ) is still a Hipparcos-based distance. The dereddened value has been obtained by applying an average reddening from a single-color reddening scale based on Cepheids themselves, along with a galactic calibration (Paper I) to be consistent with previous calibrations, rather than to adopt the OGLE reddening scale from red clump stars.
3. All the BW solutions are derived following precepts already outlined in Paper I, but allowing now for a major improvement in the slope determinations of equation (1) according to the OGLE survey (Di Benedetto 2002) . It should be stressed that these BW distances rely on a common absolute galactic calibration based on the pulsation zero point (eq. [2]), and then they are notably independent of both the ZAMS and the Hipparcos absolute calibrations. In addition, they are largely insensitive to the adopted reddening scale. Therefore, they should be regarded as being fully independent of the above PL(V ) results.
The distance values in Table 4 show a surprisingly good agreement with each other, although the oldest photometric data, especially in the I band, were affected by significant errors compared with those from the most recent OGLE survey. Of course, they must be corrected to account for metallicity, but an accurate correction has proved to be very challenging. However, the actual uncorrected solutions suggest these corrections are likely to be small, as already discussed in Paper I. For example, by assuming PL(V ) results to be unaffected by metallicity, the BW (V, VÀI ) distance would have to be corrected by no more than À0.05 mag. On the other hand, keeping the same metallicity correction for the PL(V ) results as that applied by FC, i.e., +0.042 mag, the BW (V, VÀI ) distance would appear to be unaffected by metallicity. For the present purpose, it is enough to adopt an average distance modulus of 18.59 AE 0.04 mag for the LMC, with the uncertainty defined to encompass all the updated values in Table 4 . This result suggests no more than $0.1 mag upward revision for the HST interim distance modulus of 18.50 mag.
On the other hand, the actual Cepheid-based LMC distance modulus shows very close agreement with the individual values 18.54 AE 0.2 mag (van Leeuwen et al. 1997), 18.65 AE 0.10 mag (Reid 1997) , and 18.60 AE 0.07 mag (Gratton et al. 1997) , derived according to Hipparcos-based calibrations of Mira, RR Lyrae, and galactic globular cluster distance scales, respectively, or using the weighted average from these independent distance moduli, i.e., 18.61 AE 0.05 mag. However, despite these remarkably close results from the Hipparcos mission, it is clear that the distance to the LMC remains a value not yet accurately known if many different solutions from independent techniques are averaged together, as confirmed by two very recent reviews (Walker 1999; Gibson 2000) .
CONCLUSIONS
The absolute calibration of the galactic distance scale by fundamental Hipparcos parallaxes of Cepheids is found to be sensitive to the intrinsic noise of the adopted distance indicator predicting the photometric parallax of the highestweight Cepheid UMi and to sample size variations of lowaccuracy reduced HIPP. The actual differential solution H C À Z = 0.04 AE 0.10 mag with respect to the ZAMS distance scale (Pleiades distance at 5.57 mag), using the bestsuited BW distance indicator in the magnitude-color combination (V, VÀI ), implies a result $0.1 mag fainter than the original FC calibration and then a revised Hipparcos-based LMC distance modulus 18.60 mag. This, in turn, suggests no more than a 5% decrease in the value of the Hubble constant derived in the HST Key Project program.
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